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ABSTRACT 

Nerhan Abd El-Salam Eid Abd El-Aal: Evaluation of Microbiome 

Diversity of Aquaponic System and Their Effect on Phytopathogens 

and Plant Growth. Unpublished Ph.D. Thesis, Department of Agric. 

Microbiology, Faculty of Agriculture, Ain Shams University, 2020. 

The Egyptian aquaponic system is exposed to several 

environmental problems, such as; bacterial leaf spot disease which equal 

adverse effect on market value as well as pollution resulting from the 

accumulation of fish sludge. This study was conducted to evaluate leaf 

spot disease and the bacterial causative pathogens as well as to obtain an 

effective bioformulation to supress the disease and mineralization of fish 

sludge. Bacterial leaf spot incidence (%) and viable count of pathogenic 

bacteria were recorded of several plants grown in six different aquaponic 

farms in Egypt during 2016. Based on morphological and biochemical 

characterization and disease symptoms, the bacterial isolates belonged to 

the genera Xanthomonas and Pseudomonas. Pathogenicity test and host 

range of these isolates were determined on different plants. More 

virulence pathogenic bacteria of Xanthomonas sp. and Pseudomonas sp. 

were identified giving high identities with Xanthomonas campestris and 

Pseudomonas cichorii. Growth promoting bacterial isolates (538 isolates) 

had been isolated from different plants. Four hundred eighteen bacterial 

isolates didn’t induce hypersensitive reaction. Forty isolates showed 

variation in their potentiality of antagonistic activity against seven strains 

of X. campestris and four strains of Ps. cichorii in vitro. The assessment 

of cyanide, siderophore, IAA, gibberellins, phenolic compounds 

production, nutrient solubilization and enzymatic activity for selected 

antagonistic bacteria were revealed that, there was ten bacterial isolates 

have high potentiality. Collected sludge was treated by these bacteria and 

was analysed for element composition after 5 and 10 days. The selected 

isolates (5 isolates) were identified as: Bacillus vallismortis, Bacillus 

velezensis, Bacillus safensis, Pseudomonas taiwanensis, Pseudomonas 



putida. Sodium alginate microbeads exerted high stability for viable count 

of loaded bacterial strains during 90 days of storage. Further evaluation, 

under the aquaponic conditions, the alginate microbeads increased growth 

parameters, total chlorophyll, carotenoids, enzyme activities of basil 

plants and growth of tilapia fish within two cuttings in presence of 

phytopathogenic bacteria, as well as led to decrease leaf spot incidence. 

Sodium alginate microbeads were added in sand filter and clarifier tank of 

an aquaponic trail for sludge mineralization. The sand filter achieved high 

values of all measured parameters of plant, water and fish.   

Keywords: Aquaponic system, basil plant, bacterial leaf spot disease, 

bioformulation, Sludge mineralization, Biocontrol, 

Xanthomonas campestris, Pseudomonas cichorii.  



ACKNOWLEDGMENT 

Praise and thanks be to ALLAH, the most merciful for   

assisting   and directing   me   to the right   way. 

There are few opportunities in most people's lives to demonstrate 

formally one's gratitude to people who have been mentors and supporters 

at different steps of our lives. Even though, we don’t forget to stamp those 

feeling on paper 

Great acknowledgement goes in particular to Prof. Dr. El Shahat 

Mohamed Ramadan, Prof. Emeritus of Agric. Microbiology, Faculty of 

Agriculture, Ain Shams University for his support and valuable 

supervision throughout this study 

 I would like to express my sincere thanks, and deep gratitude to 

Prof. Dr. Enas Abd El-Tawab Hassan, Prof. of Agric. Microbiology, 

Faculty of Agriculture, Ain Shams University for her fruitful discussion, 

criticism and valuable help throughout this study. 

 I would like to thank Dr. Abeer El-Morsy Ahmed El-Hadidy, 

Prof. of Plant Pathology, Plant Protection Department, Desert Research 

Center for her support and faithful assistance throughout this study. 

A big thanks to the team of Al Thawra Al-Khadra company, as 

they allowed me to conduct study experiments in their farm. Special 

thanks to Eng. Islam Magdy Hassan, CEO of the company for his help 

and giving the agricultural consultations necessary to complete the work 

in full.  

Full respect to my lovely family who gave me love and 

encouragement all the time. and thanks to my lovely little kids.  

 





 
 

CONTENTS 

 Page 

LIST OF TABLES VII 

LIST OF FIGURES X 

LIST OF ABBREVIATIONS XIII 

1. INTR0DUCTION 1 

2. REVIEW OF LITRATURE                                                3 

 2.1. The technology of aquaponic system 3 

a. Basic characteristics and components 3 

b. Principles of Aquaponics 4 

c. Aquaponic biological processes 5 

d. Advantages of aquaponic system 5 

e. Economic Challenges 6 

2.2. Vegetable crops growing under aquaponic systems 7 

2.3. Aquaponic system challenges 8 

2.3.1. Pest and Disease Management (PDM) 8 

a. The problem 8 

b.  microbial characteristics 9 

2.3.2.  Toxic organic acid accumulation 10 

2.3.3.   sludge remineralization in aquaponic systems 10 

2.3.4. Confronting and solving the problems of the aquatic system 11 

a. Plant Growth Promoting Bacteria (PGPB)  11 

2.3.5. Mechanisms of Plant Growth Promoting Bacteria (BGPB) 13 

2.3.6.  Biofiltration 16 

a.  Remove of toxic compound 16 

b. Nutrient mobilization 18 

2.4. Cultivation under aquabonic system 20 

2.4.1. Basil plant as economical plant 20 

2.4.2. Phytopathogens of basil plants 21 

2.4.2.1  Bacterial leaf spot disease 22 

a. Peudomonas cichorii 22 

b.  Xanthomonas campestris 22 



II 

 

 Page 

2.5. Formulation 23 

3. MATERIALS AND METHODS                                                                           25 

3.1 Material                                                                                                               25 

3.1.1 Source of bacterial pathogens 25 

3.1.2 Source of antagonistic bacterial isolates  25 

3.1.3 Plant materials 25 

3.1.4 Formulation materials 26 

3.1.5 Source of the water sludge mix 26 

3.1.6 Chemical analysis of water 26 

3.1.7 Growth media and assay solutions.  26 

3.1.7.1 Media used 26 

a. CKTM medium 27 

b. Yeast dextrose carbonate agar (YDC agar) 27 

c. King’s B. medium (KB medium) 28 

d. Nutrient agar  29 

e. Trypticase soy agar 29 

f. Pikovskaya's Agar medium 30 

g. Modified Ashby's medium 30 

h. Modified Alexandrove medium 31 

i. Lipase production medium 31 

j. The starch medium 32 

k. Protease production medium 32 

l. Phenol Red Carbohydrate Broth 33 

m. Heart, Infusion medium 33 

3.1.7.2. Assay solution 34 

1. Modified CAS (Chrome Azurol S) assay solution 34 

3.1.7.3.  Total phenols determination 35 

3.2. Experimental techniques 35 

3.2.1. Survey the bacteria causing leaf spot disease under six 

aquaponics systems in Egypt 35 

3.2.2. Isolation of causal bacterium of leaf spot disease  36 



III 

 

 Page 

3.2.3. Characterization of pathogenic bacteria 36 

3.2.4. Pathogenicity test and determination the host range of 

bacterial pathogens                                                                                                  36 

3.2.5. Phylogenetic analysis 37 

3.2.6. Isolation of the bioagents 37 

3.2.7. The hypersensitivity tests (HR) of isolated bacteria 39 

3.2.8.  Preliminary screening of biocontrol potential in vitro 39 

3.2.9. Assay the antibacterial activities 40 

a. Hydrogen cyanid (HCN) production 40 

b. Quantative assessment of siderophore production  41 

1. Preparation of standard curve of deferoxaminemesylate 41 

2. Preparation of liquid cultures for examination 41 

3. Assay method of siderophore production 41 

3.2.10. Qualitative assay of indole acetic acid production 42 

3.2.11.  Phosphate solubilization 42 

3.2.12.  Quantitative assay of soluble potassium  43 

3.2.13.  Quantitative assay of gibberellin production 43 

3.2.14.  Determination of total phenols 43 

3.2.15.  Assay of enzyme activity 44 

1. Lipase production 44 

2. Assay of amylase activity  44 

3. Assay of protease activity 44 

4. Assay of acid phosphatase activity  45 

5. Assay of alkaline phosphatase activity  46 

3.2.16.   Mineralization of sludge 46 

 a. Aerobic lab-scale nutrient mineralization  46 

3.2.17.   Evaluation of the antagonistic interaction among selected 

isolates      46 

3.2.18. Identification of selected antagonists 46 

3.2.18.1. Sequence analysis for 16S rRNA gene (Phylogenetic 

relationships)  47 



IV 

 

 Page 

3.2.19.  Preparation of the formulations of bioinoculum 48 

a. Bacterial antagonists 48 

b. Preparation of solid-state bioformula 48 

c. Preparation of alginate as a polymer carrier-based formulation 48 

d.  Survival of antagonistic bacteria on carrier materials  49 

3.2.20. Evaluation of bioformulations against bacterial leaf spot 

pathogen under aquaponic system in vivo 49 

3.2.20.1. Inoculum preparation of antagonistic bacteria 49 

3.2.20.2. Inoculum preparation of pathogenic bacteria: 49 

3.2.20.3.  Aquaponic system design 49 

3.2.20.4.  Inoculation treatments 50 

a. Antagonistic bacterial treatments  51 

b. Pathogenic bacterial treatment 51 

3.2.21. Evaluation of the bioformulation for mineralization of 

sludge 52 

3.2.22. Parameters measured  53 

a. Plant dry weight 53 

b. Chemical determinations 53 

c. Assay enzymes activity 54 

d. Photosynthetic Pigments Determination  54 

e. Fish Parameters 55 

3.3. Statistical analysis                                                                                                55 

4. RESULTS AND DISCUTIONS                          56 

4.1. Survey of bacterial leaf spot disease of plants grown under 

aquaponics systems in Egypt 56 

4.2. Distribution and isolation of bacterial pathogens of leaf spot 

disease in aquaponic systems in Egypt 56 

4.3. Identification of pathogenic bacteria 59 

4.3.1.  Morphological and biochemical features 60 

4.4. Pathogenicity test and host range assay 62 

4.5. Sequence analysis of 16S rRNA gene 66 



V 

 

 Page 

4.6. Bioagents utilization 66 

4.6.1. Isolation of bioagents 66 

4.6.2. The hypersensitivity response (HR) of isolated bacteria 69 

4.6.3. Preliminary screening of biocontrol potential in vitro 71 

4.6.4. Assay the antibacterial metabolites of antagonists 77 

4.6.4.1.  Hydrogen cyanide (HCN) production 77 

4.6.4.2. Siderophore production 77 

4.6.4.3.  IAA and gibberellins production  78 

4.6.4.4. Nutrient solubilizing bacteria 79 

4.6.4.5. Phenolic compounds production  80 

4.6.5. Enzymatic activity 80 

4.6.5.1. lipase activity 80 

4.6.5.2.  Amylase activity 83 

4.6.5.3. Protease activity 84 

4.6.5.4. Acid phosphatase  85 

4.6.5.5. alkaline phosphatase (ALP) 85 

4.7. Mineralization of sludge 90 

4.7.1. Amino acid and fatty acid production 95 

4.8.  In vitro, antagonistic effect between the selected antagonists  97 

4.9.  Identification of antagonistic bacteria by molecular analysis  98 

4.10.  Survival of bacterial antagonists on different carriers during 

the storage period 104 

4.11.  Performance of bioformula upon basil plants under 

aquaponic system conditions 106 

4.11.1. Vegetative characteristics 106 

4.11.2. Photosynthetic pigments 109 

4.11.3.  Enzyme activities in leaves 110 

4.11.4. Leaf spot disease expression  112 

4.11.5. Bioactive compounds in fresh leaves and macronutrient 

uptake 114 

4.11.6. Chemical analysis of recirculating water production 116 


